Strain KIT 00200-70066-1 T was isolated from the sputum of a patient with pulmonary disease. Cells of the strain were Gram-variable, facultatively anaerobic, motile, spore-forming rods and formed colourless to white colonies on tryptic soy agar at 30 6C and pH 7. The pathogenicity of the strain is not known. The strain contained meso-diaminopimelic acid as the diagnostic diamino acid in the cell-wall peptidoglycan, MK-7 as the predominant menaquinone, anteiso-C 15 : 0 , iso-C 16 : 0 and C 16 : 0 as the major fatty acids and diphosphatidylglycerol, phosphatidylglycerol, phosphatidylethanolamine and several unknown lipids in the polar lipid profile. Phylogenetic analysis based on 16S rRNA gene sequences showed that the isolate belongs to the genus Paenibacillus, sharing the highest levels of sequence similarity with Paenibacillus nanensis MX2-3 T , Paenibacillus agaridevorans DSM 1355 T and Paenibacillus alkaliterrae KSL-134 T (95.4, 95.2 and 94.8 %, respectively), and that it occupied a distinct position within this genus. Combined phylogenetic and phenotypic data supported the conclusion that strain KIT 00200-70066-1 T represents a novel species of the genus Paenibacillus, for which the name Paenibacillus sputi sp. nov. is proposed; the type strain is KIT 00200-70066-1 T (5KCTC 13252 T 5DSM 22699 T ).
The genus Paenibacillus (type species, Paenibacillus polymyxa) was erected by Ash et al. (1993) to accommodate the so-called rRNA group 3 bacilli, comprising 11 Bacillus species, on the basis of comparative 16S rRNA gene sequence analysis. Since then, eight more Bacillus species and one Clostridium species have been transferred to the genus, and a large number of novel species have been described; consequently, the genus contains 102 recognized species at the time of writing (Euzéby, 2009 ). Members of the genus Paenibacillus have been isolated from a wide variety of sources including soil, sediment, humus, the plant rhizosphere and phyllosphere, water, food, fodder, faeces, plant materials and diseased insect larvae (Daane et al., 2002) . Some species have been reported from human biological samples, e.g. Paenibacillus turicensis and Paenibacillus provencensis from cerebrospinal fluid samples, Paenibacillus massiliensis, Paenibacillus sanguinis, Paenibacillus timonensis and Paenibacillus konsidensis from blood cultures and Paenibacillus urinalis from a urine sample, but they have been considered to be contaminants rather than pathogens (Bosshard et al., 2002; Roux & Raoult, 2004; Ko et al., 2008; Roux et al., 2008) . Meanwhile, it has been reported that some pathogenic strains considered to belong to Paenibacills alvei and Paenibacillus macerans were isolated from patients with brain abscesses, catheter-associated infections, endophthalmitis, meningitis, prosthetic hip infections and wound infections (Antonello & Weinstein, 1989; Reboli et al., 1989; Bert et al., 1995; Barrero et al., 1996) . However, they were classified based only on conventional phenotypic characterization, so their taxonomic affiliation remains uncertain.
In 2006, strain KIT 00200-70066-1 T was co-isolated from the sputum of a 60-year-old male patient during the screening of mycobacteria from patients with nontuberculous pulmonary diseases. On the basis of preliminary 16S rRNA gene sequence comparison, the strain was found to belong to the genus Paenibacillus, but it showed low levels of 16S rRNA gene sequence similarity (,96 %) to all recognized species of this genus. To elucidate the taxonomic status of the isolate further, it was subjected to a polyphasic taxonomic investigation.
A sputum sample from the patient was diluted serially in 0.85 % saline solution. Aliquots of each serial dilution were spread on Löwenstein-Jensen medium and incubated at 37 u C for 4 weeks. A white and glistening colony, designated KIT 00200-70066-1 T , was isolated. The isolate was subcultured onto tryptic soy agar (TSA; Difco) at 37 u C for 4 days. For most experiments including fatty acid analysis, strain KIT 00200-70066-1 T was cultured on TSA at 30 u C for 2 days. Paenibacillus nanensis KCTC 13044 T , Paenibacillus agaridevorans KCTC 3849 T and Paenibacillus alkaliterrae KCTC 3956 T , grown under identical conditions, were used as reference strains for fatty acid analysis and other phenotypic tests.
The Gram reaction was assessed as described by Gerhardt et al. (1994) . Cell morphology and motility were observed under a light microscope (61500 magnification; Nikon Optiphot-2) with cells grown for 1-7 days. Motility was tested using the hanging-drop technique (Skerman, 1967) . For the observation of flagella and endospores, cells were negatively stained with 1 % (w/v) uranyl acetate and examined using a model H-7600 transmission electron microscope (Hitachi); thin sections of cells were prepared as described by Paster & Canale-Parola (1982) . Oxidase activity was tested using Bactident oxidase strips (Merck) and catalase activity was tested using 3 % H 2 O 2 . Growth was investigated at 5, 10, 15, 20, 25, 30, 37, 42, 45 and 50 u C, in the presence of 1, 2, 3, 5, 6.5 and 10 % NaCl and at pH 5-11 (in increments of 1 pH unit). Anaerobic growth was examined on TSA or on TSA supplemented with nitrate incubated in a jar with the GasPak Anaerobic System (BBL). Growth on MacConkey agar and cetrimide agar (Difco) was also investigated. Hydrolysis of casein, DNA, starch and tyrosine was tested on casein agar, DNase test agar, starch agar and tyrosine agar (BBL), respectively. Hydrolysis of Tween 80 was tested on Tween 80 agar (DSMZ medium no. 884). The production of lecithinase and lipase was detected on egg-yolk agar (McClung & Toabe, 1947) . Haemolysis was studied on TSA supplemented with 5 % (v/v) sheep blood. H 2 S production was tested in tryptic soy broth (Difco) supplemented with 0.01 % (w/v) cysteine, with a strip of lead acetate paper (Fluka) as an indicator. The methyl red and Voges-Proskauer tests were performed in MR-VP broth (BBL). Single carbon source assimilation tests were performed in mineral salts basal medium (Stanier et al., 1966) supplemented with 1 % (v/v) vitamin solution (Staley, 1968) . Filter-sterilized substrate (0.1 %, w/v) was added to this medium, with the exception of carbohydrates, which were used at 0.2 % (w/v). The organic compounds tested as sole sources of carbon and energy were acetate, N-acetylglucosamine, L-alanine, amygdalin, L-arabinose, L-arabitol, cellobiose, citrate, D-fructose, L-fucose, D-galactose, gentiobiose, gluconate, D-glucose, glycerol, glycogen, L-histidine, inositol, DL-lactate, lactose, malate, malonate, maltose, D-mannitol, D-mannose, melezitose, melibiose, L-proline, propionate, raffinose, L-rhamnose, D-ribose, D-salicin, L-serine, Dsorbitol, starch, sucrose, trehalose, turanose and D-xylose. Acid production tests, enzyme activity tests and additional phenotypic tests were performed using API 20E, API 20NE, API 50CH (with CHB/E medium) and API ZYM galleries according to the instructions of the manufacturer (bioMérieux). Duplicate antibiotic-susceptibility tests were performed using Sensi-Discs (6 mm; BBL) containing the following: ampicillin (10 mg), chloramphenicol (30 mg), erythromycin (15 mg), kanamycin (30 mg), neomycin (30 mg), penicillin G (10 IU), rifampicin (5 mg), streptomycin (10 mg), tetracycline (30 mg), ticarcillin/clavulanic acid (75 mg/10 mg) and vancomycin (30 mg); zone diameter interpretive standards for staphylococci of the NCCLS (2003) were used for interpretation.
Fatty acid methyl esters were prepared and analysed as described by Klatte et al. (1994) by using the standard Microbial Identification System (MIDI Inc.) for automated gas chromatographic analysis (Sasser, 1990; Kämpfer & Kroppenstedt, 1996) . Isoprenoid quinones were extracted with chloroform/methanol (2 : 1, v/v) and purified by using TLC on Kieselgel 60 F 254 plates (20620 cm, 0.5 mm thickness; Merck) with petroleum ether/diethyl ether (9 : 1, v/v) as the solvent. The quinones were identified by using reversed-phase HPLC analysis, as described by Shin et al. (1996) . The diamino acid of the peptidoglycan was determined by using TLC as described by Staneck & Roberts (1974) . Polar lipids were extracted, examined by using two-dimensional TLC and identified according to published procedures (Minnikin et al., 1977) .
Extraction of genomic DNA, PCR-mediated amplification of the 16S rRNA gene and sequencing of the purified PCR product were carried out according to Rainey et al. (1996) . The 16S rRNA gene sequence was aligned with published sequences retrieved from GenBank/EMBL/DDBJ using CLUSTAL_X (Thompson et al., 1997) and edited via the BioEdit program (Hall, 1999) . Phylogenetic trees were constructed on the basis of the neighbour-joining (Saitou & Nei, 1987) and maximum-parsimony (Fitch, 1971) methods; distances were estimated by the method of Jukes & Cantor (1969) using MEGA version 4.0 (Tamura et al., 2007) . The resultant tree topologies were evaluated by bootstrap analysis (Felsenstein, 1985) based on 1000 resampled datasets. DNA G+C contents were determined by using HPLC, following hydrolysis, as described by Tamaoka & Komagata (1984) , and non-methylated l phage DNA (Sigma) was used as a standard.
Strain KIT 00200-70066-1 T formed visible colonies (about 1-2 mm in diameter) within 2 days on TSA incubated at 30 u C. Good growth occurred at 25-37 u C. The colonies were colourless to white, translucent and circular to slightly irregular and became mucoid after prolonged incubation. Cells were Gram-variable, facultatively anaerobic, motile rods with peritrichous flagella. Ellipsoidal subterminal spores were formed in swollen sporangia. Transmission electron micrographs of cells of strain KIT 00200-70066-1 T are available as Supplementary Fig. S1 in IJSEM Online.
An almost-complete 16S rRNA gene sequence (1457 nt) of strain KIT 00200-70066-1 T was determined and compared with those of all known species of the genus Paenibacillus.
Strain KIT 00200-70066-1 T showed the highest levels of sequence similarity with P. nanensis MX2-3 T , P. agaridevorans DSM 1355 T and P. alkaliterrae KSL-134 T , with values of 95.4, 95.2 and 94.8 %, respectively. In the neighbour-joining tree (Fig. 1) , strain KIT 00200-70066-1 T formed a separate lineage within the genus Paenibacillus, while it formed a clade with P. nanensis MX2-3 T and P. agaridevorans DSM 1355 T in the maximum-parsimony tree ( Supplementary Fig. S2) , which was poorly supported by bootstrap analysis. Consequently, strain KIT 00200-70066-1 T occupied quite a distinct position with respect to its phylogenetic neighbours within the genus Paenibacillus. An extended 16S rRNA gene sequence-based neighbour-joining tree is available as Supplementary Fig. S3 .
The morphological, physiological, biochemical and chemotaxonomic characteristics of strain KIT 00200-70066-1 T are given in the species description; those that serve to differentiate it from related taxa are listed in Table 1 . Strain KIT 00200-70066-1 T was distinguished from related taxa by differences in colony colour, Gram stain reaction, cell size, temperature range for growth, lipase activity on eggyolk agar, hydrolysis of L-leucyl 2-naphthylamide and 2naphthyl phosphate (pH 5.4) and susceptibility to kanamycin as well as by differences in acid production and substrate utilization profiles. Strain KIT 00200-70066-1 T showed a fatty acid profile similar to those of related taxa, i.e. the fatty acids anteiso-C 15 : 0 , iso-C 16 : 0 and C 16 : 0 were predominant (Table 2) , and contained meso-diaminopimelic acid as the diagnostic diamino acid in the cell-wall peptidoglycan, diphosphatidylglycerol, phosphatidylglycerol, phosphatidylethanolamine and several unknown lipids in the polar lipid profile ( Supplementary Fig. S4 ) and menaquinone MK-7 as the major isoprenoid quinone.
Strain KIT 00200-70066-1 T was isolated from the sputum of a patient suffering from pulmonary disease. However, its clinical significance could not be determined because no sign or symptom of serious infection developed in the patient. Whether it was an opportunistic pathogen or a contaminant, strain KIT 00200-70066-1 T was worth studying in that, to our knowledge, it was the first Paenibacillus strain to be isolated from human sputum.
On the basis of the 16S rRNA gene dissimilarity with respect to related taxa, together with the phylogenetically distinct position and unique phenotypic characteristics, strain KIT 00200-70066-1 T merits recognition as a representative of a novel species within the genus Paenibacillus, for which the name Paenibacillus sputi sp. nov. is proposed.
Description of Paenibacillus sputi sp. nov.
Paenibacillus sputi (spu9ti. L. gen. n. sputi of sputum).
Cells are Gram-variable, facultatively anaerobic rods (0.5-0.662.0-3.0 mm). Motile by means of peritrichous flagella. Ellipsoidal subterminal spores are formed in swollen sporangia. Forms colourless to white, translucent, mucoid colonies on TSA. Catalase-and oxidase-positive. Growth occurs at 15-42 u C (optimum 30-37 u C) and at pH 6-9 (optimum pH 7). Growth occurs in the presence of up to 3 % NaCl, but not with 5 % NaCl. Anaerobic growth is observed, regardless of the presence of nitrate. Indole is not produced. No growth is observed on MacConkey agar or cetrimide agar. H 2 S is produced from L-cysteine, but not from thiosulfate. Nitrate is not reduced. The methyl red test is negative, but the Voges-Proskauer test is positive. On 5 % sheep blood agar, a-haemolysis is observed. Aesculin, starch and Tween 80 are hydrolysed, but casein, DNA, gelatin and tyrosine are not. b-Galactosidase is produced, but arginine dihydrolase, lysine decarboxylase, ornithine decarboxylase, phenylalanine deaminase and urease are not. On egg-yolk agar, lipase activity is present, but lecithinase activity is absent. L-Arabinose, cellobiose, Dgalactose, D-glucose, glycogen, lactose, maltose, L-rhamnose, D-salicin, starch and D-xylose are utilized as sole sources of carbon and energy, but acetate, N-acetylglucosamine, L-alanine, amygdalin, L-arabitol, citrate, D-fructose, Fig. 1 . Phylogenetic tree based on 16S rRNA gene sequences, constructed with the neighbour-joining method, showing the position of strain KIT 00200-70066-1 T among members of the genus Paenibacillus. Percentages at nodes are levels of bootstrap support (¢50 %) based on 1000 resamplings. Bar, 0.01 substitutions per nucleotide position.
L-fucose, gentiobiose, gluconate, glycerol, L-histidine, myoinositol, DL-lactate, malate, malonate, D-mannitol, Dmannose, melezitose, melibiose, L-proline, propionate, raffinose, D-ribose, L-serine, D-sorbitol, sucrose, trehalose and turanose are not. In the API 50CH gallery, acid is produced from N-acetylglucosamine, amygdalin, D-and Larabinose, cellobiose, aesculin, L-fucose, D-galactose, Dglucose, glycogen, lactose, maltose, D-mannose, melibiose, methyl a-D-glucoside, methyl b-D-xylose, raffinose, L-rhamnose, D-ribose, D-salicin, starch and D-xylose, but not from D-adonitol, D-or L-arabitol, arbutin, dulcitol, erythritol, D-fructose, D-fucose, gentiobiose, gluconate, glycerol, inositol, inulin, 2-or 5-ketogluconate, D-lyxose, D-mannitol, melezitose, methyl a-D-mannoside, D-sorbitol, L-sorbose, sucrose, D-tagatose, trehalose, turanose, xylitol or L-xylose. According to the results from API ZYM tests, L-leucyl 2-naphthylamide, 2-naphthyl butyrate, 2naphthyl b-D-galactopyranoside and 2-naphthyl phosphate Table 1 . Phenotypic characteristics that differentiate strain KIT 00200-70066-1 T from the type strains of related Paenibacillus species Strains: 1, Paenibacillus sputi sp. nov. KIT 00200-70066-1 T ; 2, P. nanensis KCTC 13044 T ; 3, P. agaridevorans KCTC 3849 T ; 4, P. alkaliterrae KCTC 3956 T . Data were obtained in this study unless indicated. All strains were positive for catalase and oxidase activity and showed a-haemolysis. +, Positive; 2, negative; V, variable; NA, no data available. (pH 5.4) are hydrolysed, but N-benzoyl-DL-arginine 2naphthylamide, 6-bromo-2-naphthyl a-D-galactopyranoside, 6-bromo-2-naphthyl b-D-glucopyranoside, 6-bromo-2naphthyl a-D-mannopyranoside, L-cystyl 2-naphthylamide, N-glutaryl-phenylalanine 2-naphthylamide, naphthol-AS-BIb-D-glucuronide, naphthol-AS-BI-phosphate, 1-naphthyl Nacetyl-b-D-glucosaminide, 2-naphthyl caprylate, 2-naphthyl a-L-fucopyranoside, 2-naphthyl a-D-glucopyranoside, 2naphthyl myristate, 2-naphthyl phosphate (pH 8.5) and Lvalyl 2-naphthylamide are not. Susceptible to ampicillin, chloramphenicol, erythromycin, neomycin, penicillin G, rifampicin, streptomycin, tetracycline, trimethoprim/sulfamethoxazole and vancomycin. Resistant to kanamycin. The cell-wall peptidoglycan contains meso-diaminopimelic acid. The major isoprenoid quinone is MK-7. The fatty acids anteiso-C 15 : 0 , iso-C 16 : 0 and C 16 : 0 are predominant. The major cellular phospholipids are diphosphatidylglycerol, phosphatidylglycerol and phosphatidylethanolamine. The G+C content of the DNA of the type strain is 48.1 mol%.
The type strain is KIT 00200-70066-1 T (5KCTC 13252 T 5DSM 22699 T ), isolated from the sputum of a patient. 
